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WATER ABSORPTION AND DESORPTION KINETICS IN PVB AND EVA 


Weight Characteristics of EVA During 
Absorption and Desorption 
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RELIABIL;TY PHYSICS 


TEMPERATURE DEPENDENCE OF THE 
NORMALIZED WEIGHT FOR THE INITIALLY 
FORMED SURFACED LAYER OF WATER 
DURING WATER ABSORPTION IN EVA 
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RELIABILITY PHYSICS 


Temperature Dependence of the Normalized Weight 
for the Initially Lost Surface Layer of 
Water During Desorption in EVA 
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RELIABILITY PHYSICS 



jiCGi’nAL Phj'c. »S 

OF POOR QUALITY 

Normalized Weight Change During Absorption 
and Desorption in EVA 




Time Dependence of Normalized Weight Gain 
in EVA Due to Water Absorption (40°C) 
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RELIABILITY PHYSICS 

Time Dependence of Normalized Weight Loss 
in EVA Due to Water Desorption (40 °C) 
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RELIABILITY PHYSICS 

Characterizing Rate Constraints for Water 
Absorption and Desorption in EVA 
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RELIABILITY PHYSICS 


Temperature Dependence of the Rate Constant for the 
Second-Stage Water Absorption and Desorption in EVA 





Activation Energies c. id Pre-Exponential Factors fcr 
Water Absorption and Desorption in EVA 
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STAGE II - Volume Diffusion 
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RELIABILITY PHYSICS 


EVA Water Absorption Model OfimikL P Bf 

OR POOR QUALITY 
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RELIABILITY PHYSICS 


ORIGINAL PAGL.S 
OF POOR QUALITY 


EVA Water r sorption Model 
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RELIABILITY PHYSICS 
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Weight-Gain Characteristics of EVA in Water Absorption 
Due to Surface-Filrr. Formation and Volume Absorption 
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Solubility of H2O in EVA as a Function of Temperature 
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RELIABILITY PHYSICS 


Equilibrium Thickness of Absorbed Water 
Film on EVA as a Function of Temperature 
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Energy Barrier for Condensation and Evaporation 
During the Stage I Kinetic Response in 
Water Absorption and Desorption on EVA 




RELIABILITY PHYSICS 


Water Interaction Comparison of EVA and PVB 
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PVB EVA 

WATER SOLUBILITY AT 60°C (w/o) 38 10 

ACTIVATION ENERGIES (Kcal/mole) 

ABSORPTION 

STAGE I 4.2 0.7 

STAGE II 6.3 5.1 

DESORPTION 

STAGE I 16 6.1 

STAGE II 7.1 5.1 

STAGE I ABSORPTION RATE OF WATER 
PER GRAM OF POLYMER AT 25°C 
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CURRENT (amps) at V : 390 volts 


RELIABILITY PHYSICS 


HUMIDITY DEPENDENCE OF THE ELECTRICAL 
PROPERTIES OF EVA AND PVB 

Current Response to a 390-V Step Voltage for PVB (80°C) 
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RELIABILITY PHYSICS 




Initial Transient Behavior for the Current Response 
to a 390-V Step Voltage for PVB (68 °C) 
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RELIABILITY PHYSICS 

Proposed Current Response to a Step Voltage 
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ORIGINAL PAC - <i- 
OF POOR QUALITY 


RELIABILITY PHYSICS 





Current Response Parameters for PVB (68 °C) 
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Dependence on Relative Humidity of the 
Current Response Coefficients * p and k w 
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RELIABILiTY PHYSICS 

Ionic and Polarization Components of the 
Response Current vs RH (PVB at 80° C) 
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RELIABILITY PHYSICS 


Time Constants vs Relative Humidity for PVB (68 °C) 

*r = .031H + 0.3 
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Humidity Dependence of the Initial 
Resistance for PVB (68°C) 
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RELIABILITY PHYSICS 


Capacitance and (tan 5) vs RH (600 Hz ana 68 C C) 
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Current Response to a 3S0-V Step Voltage 
for EVA at Various RH {%) Levels (68 °C) 




Initial Transient Current Response to a 
390-V Step Voltage for EVA (68 °C) 
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RELIABILITY PHYSICS 


Current Resoonse Parameters for EVA (68 °C) 
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Power-Law Coefficient k and Time Constant r vs RH for 
Current Response of EVA to a 390-V Step Voltage (68 °C) 
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RELIABILITY PHYSICS 


Ionic Resistance and Initial Conductance 
vs Relative Humidity for EVA (68 °C) 
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Measure and Calculated Time Constants for 
Capacitive Charging of EVA and PVB (68 °C) 
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RELIABILITY PHYSICS 

Humidity Dependencies of Selected 
Properties of PVB and EVA (68°C) 
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Effects of Plasticizer on the Resistivity of PVB 
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RELIABILITY PHYSICS 


RADIATION EFFECTS IN PVB and EVA 
Radiation Effects on EVA Resistivity 
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RELIABILITY PHYSICS 


Radiation Effects on PVB Resistivity 
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RELIABILITY PHYSICS 

Conclusions 

I. WATER ABSORPTION EXPERIMENTS 

• FAST WATER DESORPTION KINETICS IN PVB AND EVA 
% SLOW WATER ABSORPTION KINETICS IN PVB AND EVA 
% WATER ABSORBED IN PVB IS LARGE 

% WATER ABSORBED IN EVA IS SMALL 

II. ELECTRICAL PROPERTIES OF PVB AND EVA 

•* IONIC RESISTANCE : RI PVB < Ri EVA 102 

• CAPACITANCE : C PVB > C EVA 10 1 

• LOSS FACTOR : tan£> PVB > tan& EVA 10 1 

• HUMIDITY DEPENDENCE : PVB > EVA 

• WATER DIPOLE EFFECTS IN PVB 

% NO WATER DIPOLE EFFECTS IN EVA 

III. PLASTICIZER EFFECTS ON IONIC RESISTANCE OF PVB 

• Ri UNPLASTICIZED > Ri PLASTICIZED 10® 

IV. IONIZING RADIATION EFFECTS ON RESISTANCE OF PVB 
AND EVA 

• PVB : Ri t AS DOSE t 
«• EVA : Ri i AS DOSE t 


236 





RELIABILITY PHYSICS 


Future Work 

TEMPERATURE DEPENDENCE OF ELECTRICAL PROPERTIES 
OF EVA AND PVB 

UV LIGHT EFFECTS ON THE ELECTRICAL PROPERTIES OF EVA 
AND PVB AS A FUNCTION OF HUMIDITY AND TEMPERATURE 

EFFECT ON COMPOUNDING AGENTS ON ELECTRICAL 
PROPERTIES OF PVB AND EVA 

CORROSION EFFECTS IN SOLAR CELL MATERIALS 

THEORETICAL MODELS FOR HUMIDITY DEPENDENCY OF 
ELECTRICAL PROPERTIES 



